R6sum6. -Nous exposons dans ses lignes gknkrales la mkthode de la fonction diklectrique et ses limites dans la description des propriktks optiques des solides, en particulier des mktaux. Nous dkcrivons aussi des methodes pour deduire cette fonction a partir des expkriences. Nous soulignons I'importance d'erreurs dkrivant de la prkparation des kchantillons plutbt que de la technique de mesure. On discute les donnkes expkrimentales pour diffkrents Clkments mktalliques.
1. Introduction. -We review the description of the optical properties of solids in terms of a dielectric function, indicating some of the limitations to such a description. Most of the limitations to be discussed are more likely to be encountered in metals than in semiconductors or insulators, and metals are of greater interest in photoelectrochemistry, so the subsequent discussion and examples will be limited to metals. We outline briefly a microscopic model for the dielectric function which illustrates some other general properties of dielectric functions (which, however, are modelindependent). We then outline general methods for obtaining dielectric functions from experimental data, discussing experimental errors, conceptual errors, and problems with sample preparation. Several sets of data will then be examined.
these, the time-dependent constitutive parameters, are rarely used. Both constitutive parameters, now to be called functions because of their frequency dependence, can be combined by substitution into one of Maxwell's equations : 
-
by while the linear response of a similarly simplified
conductor is characterized by a conductivity a, defined 4 n
If the electric field is time-dependent, the response generally will not be instantaneous, so that we must use In crystalline media the dielectric function becomes a symmetric Cartesian tensor which can be diagonalized by a suitable choice of axes. For cubic crystals, all three diagonal components are equal and tensor nota-tion is not needed. For hexagonal, trigonal, and orthorhombic crystals, the principal axes coincide with crystallographic axes, but in other systems not all axes coincide, giving, in effect, up to three directions and three (complex) diagonal components as the necessary quantities to characterize the optical response [4] . At optical frequencies, the magnetic response of matter is negligible, but an applied static field or permanent magnetization makes the dielectric function of all media tensorial.
If the applied electric field becomes large, the linear approximation breaks down and we enter the regime of nonlinear optics. By not using high power densities, this region can be avoided, and we do so here.
The most important remaining restriction on the dielectric function defined above is that it is local in space, although it is not local in time. Taking just the conductivity as an example, locality implies If, for any reason, the charge carriers at r have velocities determined by electric fields at other points, r' where the field is appreciably different from the field at r, one must write Jm(r) = J a(@ r, r') Em(rf) d3rf .
(1 1) This is a nonlocal situation because the current density at r depends on the fields in a region around the point r. Rather than deal with this integral, it is usual to Fourier analyze this constitutive function with respect to r'. If the material is homogeneous ~( o , r, r') = a(o, r -r') and the Fourier transform depends only on the conjugate variable to r, the wave vector k, giving a(o, k). A medium exhibiting k-dependence in its constitutive functions is said to exhibit spatial dispersion. There are a number of systems in which spatial dispersion is important. It is a prerequisite for optical activity. It occurs in insulators and semiconductors in the spectral region of exciton creation. In metals, the anomalous skin effect is a good example of a nonlocal situation [5, 61. When the electron mean free path becomes longer than the classical skin depth, the current in the skin depth region is determined by the fields the electrons in that region have experienced over their previous path, back to their last collision. The current then depends on the electric field over a depth larger than the skin depth, a field which varies from its surface value to nearly zero, and an integral over the path must be performed. In fact, the anomalous skin effect, which is very large in the microwave and far infrared regions for pure metals at low temperatures, may cause small to appreciable changes in the optical properties in the near infrared, and even the visible, for free electron-like metals at room temperatures, especially if scattering from the surface is nonspecular [7] . In such a situation, it is misleading to try to use a simple frequency-dependent dielectric function. In fact, even for an isotropic medium, two dielectric functions are needed 121, a longitudinal and a transverse, for situations in which the field E is parallel or perpendicular to k. Sinoe optical measurements alone will not lead to :(my k), and i(o) is misleading, one should report data in such situations in terms of the surface impedance, N Z = (4 zlc) (l?/I?),,,,, or quantities derived from it, such as the absorptance or reflectance, for normal incidence from vacuum [2,6, 8,9]. The use of a local dielectric function in a nonlocal situation can lead to obvious problems if the measurements made lead to an overdetermined set of equations for finding the dielectric function, for acceptable solutions may not be found and there may be a large dependence on polarization. Without such an overdetermined set or a consistency check, the need for nonlocality may not be recognized.
Finally, one must take account of nonhomogeneity. All samples have at least one surface involved in a measurement. The outer layers, even if not oxidized or strained from preparation, may not be the same as the bulk. The surface atoms may be further from their neighbours, there may be microscopic puckering of the surface atoms, and the charge density of the valence conduction electrons will die out into the next medium with a length scale of the order of the Thomas-Fermi screening length, no more than 1 A. One could ascribe a different dielectric function to a surface region [lo, 111, but this increases the number of unknowns to be determined from experiment, and the concept of a dielectric function for a region no thicker than a unit cell is not a clear one. One could introduce a local N ~( o , r) or nonlocal &, r, rl) [12] , or treat the surface region microscopically [13, 141. At any rate, when an experimental method involves the use of p-polarized radiation at non-normal incidence, the details of the surface response become important, for it is what determines the distribution in depth of the induced (( surface >) charge density. If we knew the bulk dielectric functions well enough, such measurements could be used to probe the surface charge distribution. Photoemission measurements [IS] also do so, but much remains to be done in this area. The role of the surface is especially important in the anomalous skin effect regime.
The dielectric function is linear and causal. Its real and imaginary parts obey dispersion or KramersKronig relations :
in which o0 is the conductivity at zero frequency and the P denotes principal value [I, 21 . From these, one can obtain sum rules : in which the plasma frequency o, = (4 n~e~/ m ) l /~, with N the number density of electrons. These, and other sum rules [I, 2, 16-18] , are very useful for interpreting data and checking the consistency of data. The reflection coefficient ;can be used in a dispersion relation, but since its real and imaginary parts each involve both r and 0, it is not a useful relation. However, In 7 = In r + i0 gives a very useful Kramers-Kronig pair, albeit a controversial one . Despite the controversy, it remains a useful relationship, and one rarely encounters trouble when using it properly on a single interface.
The incident and reflected fields cannot be measured at optical frequencies ; only their absolute squares can be measured. Thus, instead of y, one measures ,R = 1 ;12, the power or intensity reflection coefficient, also called the reflectance or reflectivity. This is a function of frequency, angle of incidence, and polarization. Ellipsometric measurements give the ratio of two complex amplitude reflection coefficients, one for each polarization :
A sharp interface implies a transition from one medium to another in a distance that is small on some length scale. This is usually taken to be the wavelength of the measuring radiation or the optical penetration depth, whichever is smaller. For metals, it is usually the latter, the inverse of the absorption coefficient, 100 a, The interface may be further complicated by an overlayer that is not continuous, or by a rough surface. In a number of cases, attempts to anneal the surface to remove damage from surface preparation leads to increased surface roughness [25] , both representing departures from the mathematical interface supposedly under study. It is entirely possible that the surface roughness be on a wavelength scale, leading to resonant scattering effects . Finally, in alloys, the surface composition may not be the same as the bulk composition.
A microscopic interpretation of the dielectric function is obtained by calculating the response of the microscopic model for the system to an applied electric field, which gives the resultant polarization or current [I] . A useful classical model, due to Lorentz, is that of bound damped charged harmonic oscillators [32] . There are fi N i oscillators per unit volume each with mass m charge e, resonant frequency GO,, and damping parameter ri. The conduction electrons can be included by setting o i equal to zero. Optically active phonons can be included by using different charges and masses. Such a dielectric function is of the form The parameters.fi, mi, and ri are fitted to the data, and have no microscopic significance, except for the damping parameter in the conduction electron, or Drude, term, which is related to the static conductivity. Quantum mechanically one goes through a similar conceptual procedure, obtaining a current or polarization in response to the applied field. The conduction electron contribution can be found from a Boltzmann equation. The Drude terms may resemble the classical result in certain frequency regions, although the calculations have not been carried out for metals other than simple ones [33] . The harmonic oscillator contributions to are replaced by a sum of integrals representing interband excitation of electrons [2] . The difficulties increase as one tries to treat more realistic models.
In a few simpler cases the calculation of the interband contribution to the dielectric function is quite reliable, e. g., in A1 and possibly Cu and Ag. Usually the momentum or electric dipole matrix elements cannot be calculated very accurately because of their great sensitivity to the wave functions. Unfortunately, the often-made approximation that the dipole matrix element is frequency-independent is not good enough, so in such cases we cannot use a calculated as more than a rough guide to the measured Certainly we cannot use theoretical dielectric functions to assess errors in measured dielectric functions, and only rarely can we use them to help distinguish the best measured data from among several disagreeing spectra. For disordered alloys, there have been no attempts to calculate a dielectric function, except with the rigid band model. Structure in in a limited range of frequency may arise from a group of similar transitions in the solid. In a metal, these may be transitions at a critical point or between parallel bands [34] . The observed structure in the entire spectrum may arise from several groups of such transitions. If we approximate each group of transitions by a single oscillator, we see from eq. (24) , that the contributions of each group to are additive. In e, there is little overlap if the resonances are well separated, but in E , the groups of electrons with high frequency resonances contribute a constant background at lower frequencies, even when the resonances are widely separated. This is illustrated in figure 1 for two oscillators. From E" , one can obtain @, then R.
The contributions of each oscillator to the reflectance are not additive, however, and, although there may be a reflectance peak from each oscillator, one cannot fit the peaks separately to a dielectric function because of the contribution of higher frequency oscillators in the frequency range of all lower frequency oscillators. This is demonstrated in figure 1.
3. Experimental methods. -We now discuss several general methods for obtaining dielectric functions experimentally. We omit methods that make use of the high collimation of laser light, for usually these cannot give a continuous ;(a) spectrum. Dye lasers are changing this, however.
. 1 Ellipsometry [35]
will be discussed in detail in other papers at this conference. The accuracy and precision that can be obtained with ellipsometry can be very high, but it is not often achieved. The principal problems are alignment of the ellipsometer, the performance of its components, and the sensitivity of ellipsometry to surface films on the sample, even transparent films of less than a complete monolayer. Ellipsometry is, however, less sensitive than many other methods to surface roughness, for it is the polarization of the reflected radiation that is measured, not its absolute intensity. Ellipsometry becomes difficult in the infrared and vacuum ultraviolet [36]. In the infrared, the sensitivity falls, but it is often increased by using several samples or several reflections from a large sample. The lack of vacuum ultraviolet ellipsometric data is often not a serious problem for the study of the liquid-solid interface because of the opacity of nearly all liquids in the vacuum ultraviolet. A recent advance in ellipsometry is the development of automatic ellipsometers which, with a minicomputer, provide complete dielectric function spectra.
Another form of ellipsometry is polarization modulation 137-421. Here a beam of radiation passes through a transparent plate which is driven to vibrate mechanically. The strain-induced birefringence in the plate periodically modulates the state of polarization of the radiation beam. The beam is then reflected from the sample which produces an additional change in the state of polarization. By synchronously detecting this beam at the fundamental and the second harmonic, one can obtain simple functions of the ellipsometric parameters of the sample, from which the dielectric function can be obtained. Others are possible. One can calculate the measured quantities from assumed values of n and k and obtain a plot of the measured quantities with the optical constants as parameters [51] . From these, the accuracy of the method can be assessed by assuming experimental errors in the measured quantities, and using the plots to determine the resultant errors in n and k. this plot it can be seen that errors of f 0.01 in each of the measured quantities lead to errors of 5 0.05 and + , 0.07 to Z 0.05, respectively, in n and k, for n = 2 and k = 1. These plots can be made for a variety of angles y, in order to maximize the sensitivity for a given range of n and k values. No universal best method or best pair of y, values exists. The first method is always difficult to use, for it requires completely unpolarized radiation. All of the methods are poor when k is less than about 0.5. When n is small, say 5 1, and k is large, > 1, as for a metal in the infrared, all the methods are poor unless 40, can be made large, > 700 or even 800. Method (3) is the least useful of the group, for it is particularly insensitive.
It is usually difficult to estimate the errors in measured photometric quantities. (See ref. [52] for an extensive discussion.) Rarely are such errors due to counting statistics. One must consider the degree of polarization actually achieved, the collimation of the measuring beam, the fraction of the reflected radiation actually collected, the fact that the sensitivity of the photocathode is a function of the position on the cathode, a function which may depend on the wavelength and polarization as well. (This problem may be diminished by using a diffusing screen in front of the detector but with appreciable reduction in signal.) Moreover, if two angles are used, the measuring beam samples different areas of the sample, an especially acute problem if a large angle of incidence is needed. Even if the experimenter can control these errors, it is difficult to convey to the reader of a paper the degree of control and its consequences.
Some improvement may be obtained by making more measurements, obtaining an overdetermined set of equations and solving them by a least squares fit to n and k, with suitable weights assigned to the different measurements. Although this sounds better than two measurements, it is not clear that when this has been carried out, the results are more accurate.
3.3
There are a variety of other measurements one could make photometrically, some of which are measurements of an angle of incidence at which the reflectance for p-polarized radiation is a minimum. Call this angle qB. Measurements considered are (6) dR,/dy, at two values of cp, both near y,, 1561 ; (7) the maximum value of (R, -Rp)/(Rs + R,) and the angle cp which it occurs 1571. Some of.these have not been used much in practice. Plots similar to that of figure 2 can be carried out from the Fresnel equations to demonstrate the sensitivity, or lack thereof, of these methods [51] . (For metals in the infrared, y,, becomes large, > 70° or 800.) Determining the angle q, may be particularly difficult, for the noise in the detector or the photon beam becomes important as the reflected intensity becomes small (but R, will not + 0 for an absorbing sample) and the angular spread of the incident beam will be important, especially if the photocathode is inhomogeneous.
3.4 Measure the reflectance over a large frequency range and use Kramers-Kronig integrals to obtain the phase 8 1581. From these two can be determined. Any angle of incidence can be used if the beam is linearly polarized [59, 601 . A great deal of discussion has taken place about this method because of the need for extrapolating data beyond the finite range in which data, one's own, or literature data, are available. The use of synchrotron radiation has diminished the range over which an extrapolation is needed 1611. Many methods have been proposed 1621, and the sum rules may be used to check on consistency, but some people are still uneasy about getting something for nothing. By using a variety of extrapolations, one can easily determine how large the errors in a given spectral region may be. They can be very large indeed near the limits of the measured data, and quite small in the center of the range of measurement. If reliable n and k values exist at one frequency (from other measurements), the phase can be adjusted to force the KK method to give the known results [63, 641. This can give very accurate values of E" over a large range about this one frequency.
One can generate reflectance data from a harmonic oscillator model, truncate the data range, and follow the errors introduced as the " data " range becomes smaller, the extrapolations are changed, or the phase is forced to fit the exact value at one or more points [64] .
The errors in E" due to errors in the measurement of R are difficult to discuss. Errors in R lead to errors in the phase. (A simple multiplication of R by a constant factor does not change the phase, due to the form of the integral on In R). However, to get n and k from R and 8, one must use R, &, sin 0, and cos 8, so errors must be assessed numerically.
Most practitioners of Kramers-Kronig techniques are more interested in the shape of the spectrum than in the accuracy of the magnitudes of n and k. The biggest effect on of an incorrect extrapolation of R is to increase or decrease the magnitudes of and E,, the peak positions remaining about the same and relative peak heights not changing much. Thus it is possible that the reflectance be measured with an accuracy of a percent or two, the extrapolations not be done well, and the author still be happy with the resultant spectra, which may be inaccurate by as much as 20 percent or more. because the s~ectral features are right. Such -spectra may be adequate for much of the interpretation in terms of the electronic properties of the material, but they cannot be used reliably for assistance in other measurements.
Another caveat about the Kramers-Kronig technique is this. The infrared reflectance of a metal is high and difficult to measure accurately. Often the extrapolation is made to zero frequency by fitting to a Drude expression. This gives an electron relaxation time which is not very accurate. Large changes in this parameter lead to small changes in the reflectance in the infrared [65] . Moreover, part of the Drude fitting will usually be to interband absorption which is unresolved from the Drude background, and of unknown strength. As an extrapolation procedure, this is probably not so bad, but one must not use the Drude parameters so obtained for other purposes, either to be interpreted themselves or to produce a Drude term at higher frequencies for subtraction from the measured E" to reveal the " pure " intraband contribution to z.
A variation of the Kramers-Kronig method is to measure the reflectance over as wide a range as possible then fit it with the reflectance of a series of harmonic oscillators 1661. These oscillators themselves need have no physical significance, but the they generate represents accurately that of the material under study. This method has been tested on data from several types of solids and seems to work very well.
All of the foregoing methods are usually used with bulk samples or with opaque film samples, although in many cases semitransparent thin films could be used with suitable modification of the equations. For anisotropic samples, single crystals must be used if the anisotropy is to be determined [67-711. There are other methods which must be used on films alone, either because of a geometrical restriction or because at least one measurement is of the radiation transmitted through a semitransparent film. Some of these thin film measurements follow.
3.5 If n is less than refractive index of a transparent substrate and k < 1, a plot of measured s-polarized reflectance (from the substrate side) versus q will exhibit a sharp rise as cp increases to the critical angle for total internal reflectance. The entire plot can be fitted to obtain n and k. If n < 1, the radiation can be incident from vacuum. This method has been used on a number of metals in the vacuum ultraviolet [72, 731.
Measure R and T of a film of known thickness
d [74-861. However, whenever n z k, the sensitivity to small errors in R and T is very large [77, 78, 811. One can then use radiation incident from the substrate side, but this usually only reduces, not eliminates, the frequency region in which the accuracy is poor. Multiple solutions for n and k may also occur. One also can treat d as an unknown and make three measurements, e. g. T(OO), R(OO), and T,(q) with q R 600. The data at each frequency should yield the same value of d [85] .
3.7 Ts(q) and T,(q). 3.8 T(00) for two known thicknesses. Many measurements that can be made on films have been discussed by Hansen 1861.
3.9
One can Kramer-Kronig analyze the transmission of a film, or fit a set of oscillators to it, the oscillators then generating the dielectric function [87] .
3.10 Ellipsometry on a semitransparent film.
3.11 Attenuated total reflectance spectroscopy [88] has been used to obtain optical constants. A film is evaporated on the bottom of a prism or hemicylinder. The angle of incidence of the p-polarized measuring beam is varied as in method (6) . If the film is not very thick, the fields penetrate the film to the lower surface, and air-metal (or vacuum) interface, at which a surface plasmon may be excited. (Because of the strong coupling between this plasmon and the photon, the excited mode is called a surface polariton.) This produces a dip in the spectrum of reflectance versus angle of incidence, for the reflectance is far less than total as energy is removed from the photon beam by the (nonradiative) surface plasmons. Since these plasmons are excited by the evanescent waves at the interface, they need not be excited at only a single plasma frequency. Consequently, one can determine the optical constants of the metal film by fitting the measured reflectance versus angle curves over a considerable range of frequencies below the plasma frequency by this method [89] . One can also carry out ellipsometric measurements on the reflected beam [90].
3.12 Dielectric functions can be measured by a nonoptical technique, the measurement of the spectrum of energy losses suffered by a fast electron as it traverses a thin film sample. The probability that a fast electron of energy Eo (2 1 keV) will lose energy between E and E f dEdn a single inelastic scattering event into de at scattering angle 8 in passing through a film of thickness d is --Im ; ; -----
in which a, is the first Bohr radius and 8, = E/(2 E,). This probability can be measured [91, 92] . The measured spectrum also contains the effects of scattering at the surface and of multiple scattering in the bulk. These can be determined by measuring the spectra for several values of d and 8. The resultant corrected spectrum then gives Im (-I/;). This can be subjected to a Kramers-Kronig analysis to obtain Re (-1/E"), from which itself can be obtained. This method can be improved by using sum rules. It is also possible to obtain a spectrum proportional to Im (-l/z) by using electrons backscattered from a bulk sample, but the actual magnitudes cannot be obtained this way. Electron energy loss measurements have been used to obtain the E" spectrum of a number solids up to an energy of the order of 100 eV [93, 941 . Data below about 1 eV are normally rather difficult to obtain reliably by this method, however, because of overlap of the inelastic spectrum with the tail of the elastically scattered beam. (This can be circumvented.) Electron energy loss spectroscopy can be used to obtain the components of the dielectric function tensor for anisotropic materials if sufficiently thin single crystalss can be obtained [95-981. It is not difficult to calculate the error in n and k from errors in the measured quantities, but the errors in the latter are often very difficult to estimate. Assuming even this can be done, we are left with the most difficult part of error analysis -how much does the sample we are measuring resemble the ideal sample used with Maxwell's equations and the ideal sample with whose electronic structure we might want to compare the resultant E" ? With bulk samples, sawing or spark cutting can produce strains as deep as 50 pm below the surface (even more for some types of sawing). After polishing, the surface layer may be very strained.
Electropolishing can remove a great deal of strained material without introducing more strain, but it may leave a surface that is kss flat than the original polished one, one which is covered with a protective film. The surface layer left after electropolishing will affect some types of measurements, e. g., ellipsometry, more than others, e. g., a reflectance measurement, although even in the latter case the errors will be larger than we have indicated previously near the plasma minimum or in spectral regions in which the film is absorbing. Moreover, not all metals, e. g. Pt, can be electropolished. Annealing also can remove surface strains, but for metals this may accelerate oxidation of the surface if not carried out in ultrahigh vacuum, and, in many cases, it will leave the surface roughened. Surface roughness will remove radiation from the reflected beam, causing errors in almost all photometric measurements, and, since scattering is polarization-sensitive, it will cause errors in ellipsometric measurements as well.
Evaporated films are notoriously strained, and this can lead to broadened spectral features. Small-grained films have grain boundaries which contribute to optical properties [99-1011. Films may be annealed, but at the expense of increased surface roughness. Moreover, the annealing may be less effective than for bulk samples if there is bonding between the film and a substrate of different expansion coefficient. Unsupported films, presumably with less strain than in supported films, may be used for electron energy loss measurements, or for transmission measurements, but their surfaces are usually too poor to allow reflectance or ellipsometric measurements. It often is difficult to obtain and keep clean films of reactive substances. The evaporating material may getter residual oxygen and, if the films must be removed from the vacuum chamber for measurement, the atmosphere often will oxidize an evaporated film more rapidly than a bulk sample. The films may be protected by an inert, transparent overlayer, but it is difficult to obtain optical properties of films in the visible with such a film even when its characteristics are well known 4. Some examples. -We close by illustrating several sets of measurements on some common materials. The agreement among different investigators often is poorer than the published errors lead one to believe. Rather than assuming the quoted errors are too small, one should look for differences in samples. No attempt is made to include all measurements on the metals used as illustration, nor is a selection made of the best data from among conflicting measurements.
Mercury has been the metal of most interest in electrochemistry to date. The long history of optical measurements and the disagreement among the results of some of the most recent and most carefully done measurements has been surveyed by Bloch and Rice 11031. They have used a model for the surface in which the charge density varies from the bulk value to zero in such a way that their reflectance data and the edge, previously noticed by others, but not known to be ellipsometric data of Smith [104] , seemingly in conflict, spurious. This was attributed to defects, or impurities can be reconciled.
which did not anneal out because the films evaporated Figure 3 shows E, for A1 in the near infrared and on hot substrates did not experience subsequent grain visible. The first three curves are from attenuated total growth upon further annealing. reflectance measurements using the same apparatus and sample preparation technique, except for the use of different substrates for condensing the A1 films [105] . The differences in the spectra evidently are the result of different degrees of structural disorder in the films, which appears to depend on the substrate material and its microscopic surface configuration. The peak in E, is the result of interband transitions between bands that are nearly parallel. It is known to diminish to near insignificance in highly disordered films [106] , but the spectra in figure 3 are sharper and more prominent than in such films. The other two spectra were obtained by ellipsometry [I071 on an evaporated film and by reflectance (actually absorptance) measurements at 4 K on a bulk sample, followed by Kramers-Kronig analysis [108] . The increased height of the peak and its shift to higher energy is largely a result of the lower temperature. The use of thin films does not always lead to such problems. Thkye has made measurements on very thin films of Au [109] . By evaporating films only a few hundred A thick and annealing them so that the grains were between 3 000 and 5 000 in diameter, she obtained reproducible results in agreement with measurements on bulk samples. Too little annealing or too much annealing produced different results, and films evaporated onto heated substrates gave rise to an anomalous absorption below the first absorption . Most of the ellipsometric this region, but this structure has not been obtained in work was on bulk or single crystal samples. Again, other spectra made in an attempt to confirm it. several of the original spectra show fine structure in Figure 6 shows the conductivity resulting from many measurements on Gd, a very reactive metal compared with the previous examples. Curves d, e, and f agree fairly well, d and e having been obtained ellipsometrically on films (annealed films in the case of d, for unannealed films gave different spectra) while KramersKronig analysis of reflectance (or absorptance) data on single crystals was used for curve f. Most of the other curves came from data on films. The spread in the magnitude of the conductivity at any one energy is beyond the estimated errors of the data, based on measurement errors, and is due to difference in samples.
5. Summary. - The experimental evaluation of the dielectric function for a metallic sample is a difficult task. A variety of methods are available, all of which can be made to agree to within a few percent if the samples can be controlled.
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